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"METHOD OF MANUFACTURING POSITIVE ELECTRODE MATERIAL FOR LITHIUM 
SECONDARY BATTERY" 

[CLAIMS] 

[Claim 1] A method of manufacturing a positive electrode material 
for a lithium secondary battery comprising a lithium insertion 
compound having a spinel structure and being represented by the 
general fo rmu_La J_rXn+ X ) 

Mn< 2 -x-y)M y 0 2 (where 0 < x < 0.2, 0.2 < y <0.6, 
3.94 < z < 4.06; M is nickel or mainly composed of nickel and added 
with aluminum or one or two or more metal elements selected from 
transition metal elements), the method comprising: 

producing a mixed hydroxide with a coprecipitation method, 
wherein the mixed hydroxide includes manganese and the metal M at a 
predetermined ratio; and 

mixing the mixed hydroxide with a lithium compound and 
heat-treating the obtained mixture at a temperature from 700°C to 900°C. 

[Claim 2] The method of manufacturing a positive electrode material 
for a lithium secondary battery according to claim 1, wherein the 
transition metal elements are copper, cobalt, chromium or iron. 
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(54) METHOD OF MANUFACTURING POSITIVE ELECTRODE MATERIAL FOR LITHIUM 
SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To establish a method of 
manufacturing for an NiO-free Li(1+x)Mn(2-x-y) My04- 
based spinel compound. 

SOLUTION: A method of manufacturing a positive 
electrode material for a lithium secondary battery 
consists of a lithium-inserted compound having a spinel 
structure of a general formula Li(1+x)Mn(2~x-y)MyOz 
(wherein, 0<x<0.2, 0.2<y<0.6. 3.96<z<4.06); M is nickel, or 
uses the nickel as its essential constituent and one or 
two or more metals selected from aluminum or a 
transition metal element is added to the nickel). Where, a 
mixed hydroxide of manganese and the metal M with the 
given ratio is manufactured by the coprecipitation 
method. The mixed hydroxide is mixed with a lithium 
compound. A heat treatment is then applied to the 
resulting mixture at 700 to 900° C. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]General formula Li (1+x) Mn (2 _ x _ y) M y O z (0<=x<=0.2, 0.2<=y<=0.6, 3.94<=z<=4.06, and M) 

what added one sort or two sorts or more of metal which uses nickel or nickel as an essential 
ingredient, and is chosen as this from aluminum or a transition metal element — expressing — in 
a manufacturing method of a positive electrode material for lithium secondary batteries which 
comprises a lithium inserted compound of Spinel structure expressed, A manufacturing method 
of a positive electrode material for lithium secondary batteries producing manganese of a 
predetermined ratio, and mixed hydroxide of the metal M with a coprecipitation method, mixing 
this with a lithium compound, and heat-treating at 700 ** - 900 **. 

[Claim 2]A manufacturing method of the positive electrode material for lithium secondary 
batteries according to claim 1, wherein the above-mentioned transition metal elements are 
copper, cobalt, chromium, and iron. 



[Translation done.] 
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* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the LiMn 2 0 4 system spinel compound which are 

a positive electrode material for lithium secondary batteries, especially a high-tension positive 
electrode material. 

[0002]Since a lithium secondary battery has a high energy density as compared with the 
conventional rechargeable battery, have spread as cells for electronic equipment, such as a 
cellular phone, a portable video camera, and a notebook sized personal computer, but. The use 
as a distributed type power supply of an electromobile or an ordinary home is expected in the 
future, and the research and development for obtaining high capacity and an efficient cell further 
are done briskly. 

[0003]Although LiCo0 2 is mainly used for the positive active material for lithium secondary 

batteries marketed now, since there are few deposits of cobalt itself, it has a fault in respect of 
adequate supply and cost bad [ thermal stability ]. 

[0004] Research of the nickel cobalt multiple oxide which is excellent in the economic target with 
abundant resources as what changes to this is done briskly. However, composition in the 
atmosphere is difficult for this compound, and oxygen environment is needed, and also. In order 
that nickel may tend to occupy Li site, there are be [ many technical technical problems / and ] 
problems that thermal stability is still worse than LiCo0 2 in manufacturing this material with 

sufficient characteristic by a practical method. 

[0005]Since it is such, even if it compares with nickel, the LiMn 2 0 4 system spinel compound also 

in cost whose resource quantity is abundant and advantageous attracts attention. Although this 
spinel compound is excellent in thermal stability and it is extremely stable, the cycle 
characteristic of the rechargeable battery using this is bad, and poses a practical big problem. 
[0006]The trial which replaces some manganese by other elements in order to improve this fault 
is performed briskly. If manganese is replaced by other transition metal elements in relation to 
this trial, it is known that 5V field will appear in addition to 4V field of the conventional LiMn 2 0 4 

system spinel compound. Especially if cell voltage becomes high, when many cells, such as an 
object for electromobiles, need to be laminated, there is a big merit. 

[0007]That is, when voltage goes up, it is because the number of control circuits will become 
fewer that much if the number of the cells connected in series becomes fewer, so it becomes 
advantageous in cost. 

[0008]as for the thing whose 5V field the amount of substitution of a transition metal element 
increases and which is alike, follows, spreads and is replaced with divalent like nickel, 5V field 
becomes about 1 50 mAh/g and the maximum by x= 0.5 of LiMn 2 _ x M x 0 4 . 

[0009]On the other hand, 5V field is replaced with the maximum by trivalent by x= 1 like cobalt, 
chromium, and iron. If the amounts of substitution, such as a transition metal element, are 
increased gradually also experimentally, the tendency which 5V field increases gradually will be 
seen. However, if a constant rate with the amounts of substitution, such as a transition metal 
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element, is exceeded, the capacity of 5V field will come to decrease [ not increasing more than 
it, and ]. 

[0010]This is because it becomes impossible to maintain Spinel structure and stops dissolving 
thoroughly from the difference in the ion radius of manganese and other elements, if the 
amounts of substitution, such as a transition metal element, increase. 

[001 1]Therefore, the direction which adopted the element in which the 5V field greatest by x= 
0.5 is obtained like nickel is [ using chromium etc. rather than ] advantageous. Some reports that 
5V field of 90 or more mAh/g was obtained by nickel substitution actually exist (for example, J. 
Power Souces 68 (1997) 604). 

[001 2] However, if a manganese compound, a nickel compound, and a lithium compound are mixed 
and heat-treated when it is nickel substitution, it will become Li( 1+x j Mn^ 2 _ x _ y ) nickel y 0 4 of Spinel 

structure, and a mixture of NiO of rhombohedron structure. In order to keep NiO from remaining 
only by Spinel structure, it must carry out to less than x= 0.2, but 5V field sufficient in this is not 
obtained. 

[0013]Then, after carrying out low-temperature composition with wet process, such as a sol gel 
process, the method of heat-treating at an elevated temperature, etc. are examined (J. 
Electrochem.Soc, VoM 43-1 607 (1996)). 

[0014]However, generally the spinel compound which carried out wet composition has low tap ** 
density, and when it is used as a battery material, there is a problem that the volume energy 
density of a cell becomes low. 
[0015] 

[Problem(s) to be Solved by the Invention]This invention is what solved the above-mentioned 
problem, and the purpose of this invention is the metal M (M) so much about Mn. what added one 
sort or two sorts or more of metal which uses nickel or nickel as an essential ingredient, and is 
chosen as this from aluminum or a transition metal element — expressing — the Li^ 1+X ) Mn( 2 _ x _ y ) 
M y 0 4 system (especially) which does not contain replaced NiO It is establishing the method of 
manufacturing a Li (1+x) Mn^ x _ y) M y O z spinel compound. 
[0016] 

[Means for Solving the Problem]A result of having examined wholeheartedly a manufacturing 
method of Li (1+X j Mn( 2 _ x _y) M y O z in order that this invention persons might attain the above- 
mentioned purpose, It found out that NiO does not remain by producing manganese of a 
predetermined ratio, and mixed hydroxide of the metal M with a coprecipitation method, and 
heat-treating this with a lithium compound. 

[001 7]It is based on this knowledge and this invention is (1) general-formula Li (1+x) Mn (2 _ x _ y ) 

M y°z (°<=x<=0-2, 0.2<=y<=0.6, 3.94<=z<=4.06, and M). what added one sort or two sorts or more 

of metal which uses nickel or nickel as an essential ingredient, and is chosen as this from 
aluminum or a transition metal element — expressing — in a manufacturing method of a positive 
electrode material for lithium secondary batteries which comprises a lithium inserted compound 
of Spinel structure expressed, Manganese of a predetermined ratio and mixed hydroxide of the 
metal M are produced with a coprecipitation method, A manufacturing method of a positive 
electrode material for lithium secondary batteries mixing this with a lithium compound and heat- 
treating at 700 ** - 900 **, (2) The above-mentioned transition metal element provides a 
manufacturing method of a positive electrode material for lithium secondary batteries of the 
aforementioned (1) statement being copper, cobalt, chromium, and iron. 
[0018] 

[Embodiment of the Invention]Hereafter, an embodiment of the invention is described in detail. 
The greatest feature of this invention is general formula Li^ 1+x j Mn^ 2 _ j M y ° z (0<=x<=0.2, 

0.2<=y<=0.6, 3.94<=z<=4.06, and M). what added one sort or two sorts or more of metal which 
uses nickel or nickel as an essential ingredient, and is chosen as this from aluminum or a 
transition metal element — expressing — beforehand in the manufacturing method of the 
positive electrode material for lithium secondary batteries which comprises the lithium inserted 
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compound of the Spinel structure expressed, It is in mixing with a lithium compound and heat- 
treating this, after producing manganese of a predetermined ratio, and mixed hydroxide of the 
metal M with a coprecipitation method, for example, considering it as compound hydroxide of 
nickel manganese, compound hydroxide of nickel aluminum manganese, etc. 
[001 9] Fundamentally, the lithium inserted compound of the Spinel structure expressed with 
general formula Li^ 1+x j Mn( 2 _ x _ y ) M y O z should be able to be manufactured by heat-treating after 

mixing a manganese compound, the compound of the metal M, and a lithium compound. 
Therefore, this invention persons tried composition about each of the manganese compound, the 
compound of the metal M, and the lithium compound using various compounds. For example, as a 
manganese compound, Mn0 2 , Mn 2 0 3 , MnC0 3 , Mn(N0 3 ) 2 , etc. as a compound of the metal M, 

nickel(OH) 2 , NiO, nickel(N0 3 ) 2 , (COO) 2 nickel, Co 3 0 4 , Co(OH) 2 , CoC0 3 , Cr 2 0 3 , Cr(N0 3 ) 

2 and9H 2 0, FeOOH, Fe(N0 3 ) 3 and9H 2 0, CuO, Cu(OOCCH 3 ) 2 andH 2 O f aluminum(OH) 3 , etc. were 

used for Li 2 C0 3 , LiOH, etc. as a lithium compound. 

[0020]However, when y= 0.2 of general formula Li (1+x ) Mn (2 _ x _ y) M y O z was exceeded in any case, 

it turned out that NiO remains. This is in agreement with the contents indicated in literature (J. 
Electrochem.Soc. and Vol1 43-1 607 (1996)). 

[0021]. As one of the reasons NiO remains, Li (1+x) Mn (2 __ x _ y) M y O z and NiO stabilize and exist at 

700 ** - 900 ** of the temperature which produces Li (1+x) Mn 2 O z . In other words, it may not 

become Li (1+x) Mn( 2 _ x _y) M y 0 2 single phase thermodynamically. However, although the detailed 

phase diagram of a Li-Mn-nickel-0 system does not exist for example, in the phase diagram of a 
Mn-nickel-0 system, the single phase of nickel x Mn 2 0 4 of Spinel structure exists in the quite 

large field. If it guesses from this, it will be thought also at Li (1+x) Mn 2 O z production temperature 

that Li( 1+x ) Mn^ 2 _ x _ y ) M y O z exists in single phase. 

[0022]A reactant difference can be considered as another reason nickel-0 remains. That is, a 
lithium compound and a manganese compound react first and a nickel compound reacts after 
that. If the reactivity of a nickel compound is the worst and Li (1+x) Mn 2 O z is made first, since 

reaction velocity with a nickel compound is remarkable and slow, NiO will remain. Remains of NiO 
can be prevented, if this considers it as the right, and a manganese compound and a nickel 
compound are heat-treated first and it is made to react to a lithium compound after that. If it is 
made to develop furthermore, a manganese compound and a nickel compound will be mixed very 
uniformly, and if in contact [ good ] moreover, the manganese compound and the nickel 
compound should react before the reaction of a lithium compound and a manganese compound. 
[0023]By producing manganese of a predetermined ratio, and mixed hydroxide of the metal M 
with a coprecipitation method, mixing this with a lithium compound, as a result of inquiring based 
on such an idea, and heat-treating at 700 ** - 900 **, Li (1+x) Mn (2 _ > M y ° z » n which NiO does 
not remain (0<=x<=0.2, 0.2<=y<=0.6. 3.94<=z<=4.06. and M) what added one sort or two sorts or 
more of metal which uses nickel or nickel as an essential ingredient, and is chosen as this from 
aluminum or a transition metal element — expressing — it was able to obtain. 
[0024]M in the above-mentioned general formula uses nickel or nickel as an essential ingredient, 
what added one sort or two sorts or more of metal chosen as this from aluminum or a transition 
metal element is expressed, and copper, cobalt, chromium, iron, vanadium, titanium, etc. are 
illustrated as a desirable transition metal. 

[0025]If x separates from the range of 0<=x<=0.2, sufficient capacity will not come out as a 
lithium cell. If y hardly appears but 5V field exceeds 0.6 by less than 0.2 on the other hand, since 
5V fields will begin to decrease in number conversely, it is not desirable. Since the valence of 
manganese or the metal M will rise and capacity will decrease if structure breaks easily, a cycle 
characteristic gets worse and z exceeds 4.06, since the oxygen into which z forms the frame of 
Spinel structure by less than 3.94 runs short, it is not desirable. 

[0026]Since LJ 2 0, Li 2 Mn0 3 , and NiMn0 3 will remain if heat treatment temperature shall be less 
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than 700 **, and LiMn0 2 of ******, etc. will appear if it exceeds 900 **, and it does not become 
spinel single phase, it is not desirable. 

[0027]On the other hand, although the method in particular of producing mixed hydroxide of 
manganese and the metal M with a coprecipitation method is not limited, the method of 
indicating below, etc. can be used for it, for example, and it may use these together. 
** After dissolving a manganese metal and the metal M with acid, such as sulfuric acid, chloride, 
and nitric acid, alkaline aqueous solutions, such as sodium hydroxide and a potassium hydrate, 
are added, and it neutralizes, and is referred to as predetermined pH. 

** After adding acidic solutions, such as sulfuric acid, chloride, and nitric acid, to manganese 
salt, such as manganese sulfate, a manganese chloride, and manganese nitrate, and dissolving 
the mixture of the salt of the metal M in it, alkaline aqueous solutions, such as sodium hydroxide 
and a potassium hydrate, are added, and it neutralizes, and is referred to as predetermined pH. 
[0028]A buffer for pH can also be used if needed. Mixed hydroxide of the generated manganese 
and the metal M may perform rinsing and desiccation if needed. 
[0029] 

[Example]Although a concrete example explains some examples of this invention below, these 
examples do not restrict this invention in any meanings. 

[0030]First, the valuation method of this invention is explained. Evaluation of the battery 
characteristic was performed using the coin type cell of a laboratory scale. 
[0031]That is, it mixed and what stuck to the anode n-methyl pyrrolidone, in addition the thing 
which produced the film on aluminum foil with the doctor blade method by pressure, and stuck 
the metal lithium board to a nickel mesh by pressure was made the polyvinylidene fluoride as 
positive active material, conductive carbon, and a binder with the negative electrode. The 
separator used LiPFg of 1 M for that with which the electrolysis solution mixed EC (ethylene 

carbonate) and DMC (dimethyl carbonate) for the thing made from polypropylene to 1 to 1, 
having added as a supporting electrolyte. The characteristic of this cell is 25 ** and was 
measured as charge and discharge current density 0.2 mAh/g and the cut-off voltage 3.0-5.1 V. 
[0032]Weighing of a manganese metal and the metallic nickel was carried out so that it might be 
set to Mn:nickel=1 .5:0.5 (it is [ a mole ratio and the following ] the same), and it was made to 
dissolve in 50% of the weight of a sulfuric acid solution. After adding ammonium chloride to this 
and adjusting pH to about 5, the sodium hydroxide solution of 4 mol/l was added and mixed 
hydroxide of manganese and nickel was made to coprecipitate. Hydroxide after coprecipitation 
was dried after rinsing several times. The obtained granular material was formed by the spherical 
and needlelike primary particle. 

[0033]To this granular material, in addition, Li 2 C0 3 was mixed so that it might be set to 

Li:Mn:nickel=1:1. 5:0.5, and it heat-treated in the 10-hour atmosphere at 700-900 **. 

[0034]NiO was not contained in obtained spinel type compound LiMn 1 5 nickel 05 O 4 as a result of 

the phase identification by an X diffraction. Tap density was 2.4 g/cm 3 and was almost the same 
as that of LiCo0 2 currently generally used. The coin type cell was produced using this 
compound, and the battery characteristic was evaluated. 

[0035]Drawing 1 was a discharge curve of what was performed at 800 **, the plateau existed 
only in the 4.7V neighborhood and active material capacity became 120 or more mAh/g and a 
good value. The result was the same also about what was heat-treated on condition of others. 
[0036] 

[Comparative example 1] EMD, nickel hydroxide nickel(OH) 2 , and Li 2 C0 3 were mixed so that it 
might be set to Li:Mn:nickel=1:1. 5:0.5. and it heat-treated in the 10-hour atmosphere at 700-900 
**. Remains of NiO were checked as a result of the phase identification by an X diffraction. 
Drawing 2 is a discharge curve of the coin cell produced using what was heat— treated at 800 **. 
Since there were few 5V fields than Example 1 and their about 90 mAh/g was [ nickel 
substitution by remains of NiO ] insufficient, it is thought that 4V field also remained. 
[0037] 
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[Comparative example 2] EMD, nickel hydroxide nickel(OH) 2 , and Li 2 C0 3 were mixed so that it 

might be set to Li:Mn:nickel=1:1. 5:0.5, and it heat-treated in the 100-hour atmosphere at 700- 
900 **. Although heat treating time was developed substantially, as a result of the phase 
identification by an X diffraction, remains of NiO were checked and the battery characteristic 
was the same as that of the comparative example 1. 
[0038] 

[Comparative example 3] EMD, nickel hydroxide nickel(OH) 2 , and Li 2 C0 3 were mixed so that it 

might be set to Li:Mn:nickel=1:1. 5:0.5, and it heat-treated in the 10-hour atmosphere at 900- 
1 100 **. Although heat treatment temperature was raised, as a result of the phase identification 
by an X diffraction, LiMn0 2 of remains of NiO and ****** was checked and the battery 

characteristic was the same as that of the comparative example 1 . 
[0039] 

[Comparative example 4] EMD, nickel hydroxide nickel(OH) 2 , and Li 2 C0 3 were mixed so that it 

might be set to Li:Mn:nickel=1:1. 86:0.1 4, 1:1.75:0.25, 1:1.62:0.38, and 1:1.5:0.5, and it heat-treated 
in the 10-hour atmosphere at 800 **. As a result of the phase identification by an X diffraction, 
only in the case of Li:Mn:nickel=1:1. 86:0.1 4, NiO was not detected, but, as for others, remains of 
NiO were checked. When the battery characteristic was measured, it was comparing with 
Example 1 like drawing 3 , and 5V field also had few gaps. 

[0040]As mentioned above, although the case where M of general formula Li (1+x) Mn (2 _ x _ y) M y O z 

was nickel was explained as an example of representation, this invention does not receive 

restriction at all by this. 

[0041] 

[Effect of the Invention]As explained above, at this invention, it is general formula Li( 1+x ) Mn( 2 _ x _ 
y) M y°z (°< =x < =0 -2, 0.2<=y<=0.6, 3.94<=z<=4.06, and M). nickel or nickel was used as the 
essential ingredient, and one sort or two sorts or more of metal chosen from aluminum or a 
transition metal element was added — expressing — in the manufacturing method of the 
positive electrode material for lithium secondary batteries which comprises the lithium inserted 
compound of the Spinel structure expressed, Manganese of a predetermined ratio and mixed 
hydroxide of the metal M are produced with a coprecipitation method, this is mixed with a lithium 
compound, and it heat-treats at 700 ** - 900 **. 

Therefore, there are no remains of NiO and a 5V class spinel compound with high tap density 
can be obtained. 
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if. zix*m^tz-<mmc7)y-4 7Mm&B< . mm 

[0006] £*>$o&S:iX£-$-4 ^m."?viiv<n-u 
zm<D7mxmm-tz>m?>-tf&A,< l z?fhtix^$>. z<r> 

h t . mk<DL i M n 2 o 4 XXtr*;l*fl:£4ltf>4 v« 



[0007] -t^hib , W&fi±.WZ> Z i: fc J: 0 , B3iJ 
ax vmztimztc&frhX'foh . 

[0008] 5 vmmt. mft&mjmcowmitfimn 

-r^tc^-?TJ£*>'0. N i <7)£ o iz2\fiiX*MM£tlh i> 
<7)li. L i M n 2 - x M x 0 4 <7)x = 0 . 5"C5Vffi« 
tfffil SOmAh/gtS^C^I,. 
[0009] — rrrtoK ^nA, tt$r ifeoRfc: 3 

v««&m«tc«jirr4«iflijia.<j,*t&. l*»u s# 
[ooio] z to,±w^±mjmmcr>mmm.tim t & 

[0011]^oT, -7^WJ:ptx=0. 5T'S 
^5VM^#^ttS7C3g^Sfflt^*^, ?DAf 

Ah/g ia_t*> 5 v«*w»^*ifc t v > a > < o 

(WiJf, J. Power Souces 68 (1997) 60 

4) . 

[0012] tz^-hK -7^ti^, vy^y 

%m?&b^ Xb-^;U^jt<7)L i ( i + x ) Mn 
(2 _ x _ y) Ni y 0 4 kSffi<*IS3t<50N i 0(7)m& 

mt%&. x^^ivm^^-x-n i o*qat9L*v^j: t> 

<,z-t^tzMzitK = 0 . 2aftt,zl,%l,rtitf%t>%:^ 

ztix-ii+tt* 5 vw&mt>ti&\ 
[ o o 1 3 ] zzx\ yjuyjum&wmsmx'tmsjR 
Ltztk. &m?mm-r&iim%t'tfmiztLX^& 

(J.Electrochem.Soc. , Vol 143. 1607 (19%) ) . 

[00 14] t ZZWm£-&&LtzXV*Mt&fati-- 

mz* yy ®mt>m< . ««s*mk L-caffl^* tm 

[00 15] 

SrS^L3tt><OT\ 2(s:^ci0gW<i:MnS-^fi;^JRM 

TfUi -T-? j±x\m&±m7mfrhm\fti& 1 «x« 2 

StLh«0^JR$rjD^fv:t,£OS:*-r) -CflKJUfeN i OS: 
-£-£2rV>L i (1+x) Mn ( 2 _ x _ , , M y 0 4 ^ 
(^Wi- Li(i+ x )Mn (2 -x-y)M 
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[00 16] 

*WS&?&tz*h. Li (1+x) Mn (2 _ x _ y) M 

^ytfyb±mM<nm&*mm*mcmz&^xim 

i 0#S®L&V*i:^3 i b Z&WzLtz. 
[0017] c\cr>%amzm^X , 

( 1 ) H&5$L i (i +x) Mn ( 2 - x - y ) M y ° 

a (OSxgO. 2. 0. 2^y^0. 6, 3. 94^ 
z^4. 0 6. M(±, —v^>VX\t~-vdr)V*>&mf&ft 

yijyt^mu^m^Amm^mc&^^x^Fm 

U £ft£yf-^A^ft2:M-&LT7 0 0°C~9 0 0 

(2) ifffiBBteWaR* 1 , ffl. nA/PK ?oA,i 
T'$>^^i:&^i:-r-2.fffa ( 1 ) fE3$^y^^-& 

[00 18] 

[fS^HJfr^JS] JUT, *#»02S*£>JEaBfc:ov> 

1 ( J + x , Mn ( 2 _ x _ y , M y O z (OSxS 
0. 2, 0. 2gy^0. 6. 3. 94Sz^4. 0 
6. MJ3. — >y y/UX(i— >y -iriV&igM&ft b L . -Til 

2am±co#«s- jn*.fc t «o > xmzti& x 

t/ws-^a • -?y^ycom^mimmb Lata, ; 
*i£y ^MtisVn b m& Lxmmt &zbtz$>z,. 

[0 0 19] — JS^L i (i + x) Mn (2 -x- y ) 
M y O z T'^S^^Xf^^itOUf-^AifA'fL^* 

-ItSmb Itli. Mn0 2 ,Mn 2 0 3 l MnC03, 
Mn (N0 3 ) 2 AJKMcO-fb-^Ji: L-T. N i 

(OH) 2 . NiO, Ni (N0 3 ) 2 , (COO) 2 
Ni. C03O4. Co (OH) 2 . C0CO3. Cr 

2 0 3l Cr(N0 3 ) 2 - 9H 2 0, FeOOH, F 
e (N0 3 ) 3 ■ 9H 2 O. CuO. Cu (OOCCH 
3 ) 2 • H 2 A 1 (OH) 3 ^£. VftMt&fa 



bLX. L i 2 C0 3 . L i OH^SrflSfflLT^fc. 
[0020] bZhifi, V%m^)*&fcHRSLi 
( 1 + « ) Mn (2 _ x _ y) M y O z C0y = 0. 2£ 

^la^SixTV^rt^t— ^rr§ (J.Electrochem.So 
c.,Voll43,1607 (1996)) . 

[0021] N i oa*gKPfS«*tf>— ofc LT. L i 
( j + x , Mn 2 O z &faWSi&K0>7O 0'C~9 0 
O'CX'L i (i +x) Mn ( 2 - x - y ) M y O z fcN 
i OimfeLXttEth. tV«i*Uflftft*ttlCL i 
( , + x , Mn ( 2 - x - y > M y O z Hfflt^^ 
"Tffitt* 1 **. U^L&tf^ Wlxfcf. Li-Mn-N 
i -OjR<OfSB*ffi0ii#l£L*V^ s Mn-Ni-O 
*OfflH-rii^tf^;Ht3i<0N i ,Mn 2 0 4 

a*. ttVfe\.^mx'if&Lx^&. c\cr>zbfrt>mm 

L i ( j + x , Mn 2 O z imi&J£Xi>. L i 
( 1 + x ) Mn , 2 - x - y ) M y O z 

[002 2] N i-Oi«SSf6{)^- -icom&b t 

<.Li (1+x) Mn 2 O z 3&*^J46tT'# TU3 
i: s - . x ^/Hk^sft i: <0»Satt L < jl v ^JtA N i 

h b , ytfyft&flfa b-- y yMt^mz £ -fmm 

L. *<D&V1-^J>it^bRmZlttltf. NiO<0S 

b-'y^Ht-^mtmmz^i^zM^ti. Lj&»t. n 
lt v *wf , y rvMk&mb -?yi]yfc&fa 
cozuf&mt,z-?yrfyfc&mb - v *iWc&WffiJ8* 
hte-fx-hh. 

[0023] c\cr> i a =3r#iC*^S«f3£Lfc*Sa» Br 
SitOvv^'vfc^JRMco^TKK^SrftifciSt- <k o 
TfHHL. i^y^-^A-fk-^ii:ii^-LT7 0 0T;~ 
9 0 CC-CIRJOffl-t* ^ htci 0 . N i Oo3i®L3r^ 
L i ( ! + x , Mn ( 2 - x - y ) M y O z (0^x^ 
0. 2. 0. 2gy^0. 6. 3. 94^zS4. 0 
6. M(±. — -/ tr)VX\t— -y yiV^'UMs&Hi- b L , dfl 

[0024] JJB— m^iOWi . ^ -y ir/l^X«i- y ^ 
1 axti 2aiiLh<7)^MSrJDx.7t tcDSr 

[002 5] x#0SxSO. 2£7)^ffl$-5'f-*lS 

^'0. 2*p"C'(i. 5V^^|g*^^5t^^;^i^-f. 0. 6 
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fcv\ X. z*<3. 9 4*Srctt, xe*7H«Jt^)7U 
>X(2#JRM<Of(^i**±#U was- 

[ o o 2 6 ] ^aaas^ 7 0 or^wt-rs fc . 

Li 2 0, Li 2 Mn0 3< NiMn0 3 j&SgH&U 
X, 9 0 0t;£jB;i4fcIE#fi*5LiMnO2*SWa}J£ 

*UHfr*- b U *BMb& 'J ^ A*f 

cortex v *m&&m£x*mLTvm<vpHt-r&. 
[0028] ^ri3. jawcist, pHmmmzm^&z 

kl>"Ci*(>. X. t^tJtV^yfcMMOSMi! 
[0029] 

[HSfe^J] HTfc. *«Wrjt«Wt:J:oT*3WBOV^ 

[0030] i-r . . mm 

a, 

[0031] -ttch-h. wm&m, mm&*-#yR 

XS&mmt LXOKV 7 yitt'- U f^C n -*^-/Vtf 

M fc D M C ( S^X h ) £ 1 *f 

1 Izm^LfziiCOlZltfti&y LX 1 M»L i P F 6 SrJn 

gS^JgO. 2mAh/g.*7W7lff3. 0—5. 
lVtLXmfeVtz. 

[00 3 2] <km-?>tf>t&m— -y-yjUZMn : N i 

= 1. 5:0. 5 (tivit. hit. mmxhh) 

*UC. ^•ftTy ; e-'7ASrjD^TpH^^5t;pSL/i 
4mol/l (Dfcmti- h U -7A?§ ^SrSsjD LT, 



[0033] CICOftHfcKL i 2 C0 3 £Li : M n : N 
i = l : 1 . 5:0. 5 fc&S «fc o fcrJuXfil^U 7 

o o~9 o or-ei 0«tt«lUc. 

[0034] X*0#f fc J: SfflP3j6tf)tS:S. 
bT^S-ffc-^L i M n j 5 Ni 0 . 5 0 4 KtiN i 
Oti*4iiTl^*»-5*:. X. ?-y7®mi. 2.4s 
/cm3 — «tffiffl$ixTV^L i Co0 2 hfiti' 

[0035] Mm. 8 0 0°CXfT^tzi>cr>cr>tmmW. 
X\ 4. 7 VimcDfrlzr? h-tf&&L. 
«1 2 0mAh/gJ2Uii:^»«r«fc*-5fe. fl«W)*fr 
xmmLtz i> eofcov vc t,tgMKttPW?& o fc. 

[0036] 

[JtKJ0IJl] EMDt7j<K'ft;--y^N i (OH) 2 . 
Li 2 C0 3 £Li:Mn:Ni = l:l. 5:0. 5 
fc^i^fca-^L. 7 0 0 — 9 0 0°CT*1 0B#ra^v, 
WIWHU:. x«HH»fK:J:Sffl^<olS*, NiO 

om^imm^ tut. m 2 a 8 0 0 -c-c-i^ia t 

*fi6fflLTfW!Lfe=i-f y«fi<!0»«lfll»Tft&. 5 V 
ffititfi 90mAh/g SK-CltaSW 1 J: . N i 

O«0S®fc «t h N i S»j&SF£#fc*^fc>fctf>fc:. 4 VM 

[0037] 

[JtK0"J2] EMDi:*BHb->y^N i (OH) 2 . 
Li 2 C0 3 $rLi:Mn:Ni=l:l. 5:0. 5 
hSr&idtog-S-U 700— 9 00°CT*1 00^* 

&®mz J: ^ffilU^tfeHI, N i OoaS**5S2$^ 
[0038] 

[it«C^J3] E M D i: fcfflHk— -y driVH i (OH) 2< 
Li 2 C0 3 £Li:Mn:Ni=l:l. 5:0. 5 
i:*«J:atca^L, 900-1 100'CtlOW 

± *fflRS<?«S*, N i OtfOa© t IE*b b bO LiMnO 

[0039] 

[Jt«^J4] EMDi:7i<S!'ft:--y^N i (OH) 2 . 
Li 2 C0 3 ^Li:Mn:Ni=l:l. 86:0. 
14.1:1.75:0.2 5.1:1.62:0.3 
8RX/1 : 1 - 5:0. 5t%&i. dtCTl^L. 80 0 

°cT-i omisfrM'PX'mmLfc. x&mmizx&ttm 

SO^m. Li :Mn:Ni = l: 1.86:0. 14 

com^cDA-N i o^aj^ix-r. ftsaN i oomgfim 
m 1 1 tm lx v vm 1 5 v«««^*»^ ^ . 

[00403 tLh. -«^L i ( 1 + x ) M n 
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(2 _ x _ y) M y o z (dm&- vyjucoWr&zvtmm 

[004 1] 

SLi (ltx) Mn (2 -x-y) MyO, (OSx 
SO. 2, 0. 2iyS0. 6, 3. 94Sz^4. 0 
6. M(4. ^•yC7VUX(4-v^££^J&fri: U T)V 

$.-vj±xim&&m7mfrt>mi$tih i«xi42«w 

^ttil^LT 7 0 0°C~9 0 0 "CT«JI-r & CI i: £ 



4 9. NiO«?IS^<. A'O. ^•y7°^<7)s^5 
[0ffiOfg#3:l&Hjn 

[Hi ] iim, mmmixi%t>tit:L i Mn, . 5 

[02] 02(4. Jtf^Jl. 2Ti#£>fl*:LiMn 
! . 5 N i 0 5 0 4 ^fflv^-C-f^Kt^r}^ 

[03] 03(4. Jt!fiH?iJ3Ti#^il^L i Mn 2 _ x 
N i x o 4 £fflwc#S?L*::M 



II] 



[02] 
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